Objective To access the benefits or harms of an exercise program, based on the current American College of Obstetricians and Gynecologists guidelines, on the mode of delivery, duration and onset of labor. Methods A study performed at the Hospital Senhora da Oliveira between October 2015 and February 2017. This was a quasi-experimental study involving 255 women divided into two groups: an intervention group engaged in a controlled and supervised exercise program during pregnancy (n ¼ 99), and a control group that did not participate in the exercise program (n ¼ 156). Data were collected in two stages: during the 1 st trimester biochemical screening (before the beginning of the program), through a written questionnaire, and after delivery, from the medical files of the patients. The significance level in the present study was 5% (p ¼ 0.05).
Introduction
Pregnancy is an ideal time for behavior modification and for adopting a healthy lifestyle because of the increased motivation and frequent access to medical supervision.
1 According to the Committee Opinion number 650 of the American College of Obstetricians and Gynecologists (ACOG), women with uncomplicated pregnancies should be encouraged to engage in aerobic and strength conditioning exercise before, during and after pregnancy. 1 An exercise program that leads to an eventual goal of moderate intensity exercise for at least 20 to 30 minutes per day on most or all days of the week should be developed. 1 The available evidence indicates that the most favorable type of exercise intervention, at least regarding maternal health outcomes, is a combination of aerobic and resistance exercise. 2 These physical activity guidelines were developed due to accumulating evidence that exercise is beneficial for both the mother and the fetus during pregnancy. 3 Regular physical activity during pregnancy improves or maintains physical fitness, helps with weight management, reduces the risk of gestational diabetes in obese women, and enhances the psychological well-being. 1 Contrary to these recommendations and regulations, statistics show that the majority of pregnant women remains sedentary or insufficiently active. Moreover, many women limit their physical activity during pregnancy.
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The beneficial effects of physical activity during pregnancy for the mother and the offspring have been reported by several studies, but there are conflicting results concerning the possible effect of physical activity on the course of labor and on the risk of cesarean delivery. 5 Scientific evidence from experimental studies on the influence of exercise on the type of delivery is not consensual, and more studies in this field are needed. 6 While there are studies that show that regular exercise in pregnancy decreases the risk of cesarean delivery, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] other studies show controversial results [16] [17] [18] [19] or have failed to prove this association. 2, 3, [20] [21] [22] [23] [24] [25] In relation to instrumental vaginal deliveries, the situation is similar: some investigations show an association between physical exercise and a lower rate of instrumental deliveries, 6,11 while others do not report this effect. 8, 10, 13, 14, 20, 23 Physical fitness influences the course of labor mainly because exercise induces several metabolic and hormonal changes that may affect uterine contractility and endurance. 26 Some scientific evidence suggests that regular exercise during pregnancy may be associated with shorter labor duration 26 due to a shorter duration of the first stage, 20, 25, 27 but other authors do not show any difference between regular exercise and the absence of exercise during pregnancy. 2, 10, 16, 17, 22, 23 Furthermore, one recent study reported a longer first stage of labor in the exercise group. 5 For the same reason, the onset of labor could be different between the sedentary and the exercise groups, with a higher incidence of spontaneous labor (and consequently less use of induction methods) in the exercise group. 9 However, the majority of researches do not find higher induction rates in sedentary women. 8, 18, 20, 21 In addition, some studies report differences between the two groups (with and without physical activity during pregnancy) regarding the duration of gestation after reaching term. Once again, the scientific evidence is not consensual: some authors support a possible association between physical activity and shorter duration of pregnancy at term, 9,17 whereas others do not. 8, 10, [20] [21] [22] 28, 29 Until now, the benefits or harms of an exercise program on labor outcomes are not fully understood. Therefore, we aim to analyze the impact of an intervention program based on the current ACOG guidelines on labor outcomes, namely: Bishop score at admission, frequency of premature rupture of 
Methods

Study Design
The present study is a quasi-experimental study (registration number NCT03045237), which comprised an intervention group (with a physical activity program) and a control group (standard care). This is a secondary analysis, and the primary outcomes of the present study (gestational weight gain, postpartum depressive symptoms, and newborn weight and length) are waiting for publication.
Participants
During the 1 st trimester biochemical screening in the Hospital Senhora da Oliveira (between the 8 th and 10 th weeks of gestation), women were invited to participate in the present study and to complete a written questionnaire. The Hospital Senhora da Oliveira is a differentiated perinatal support center, which attends low and high-risk pregnancies, following institutional clinical protocols for induction of labor and cesarean indications. Participants who wanted to perform the physical exercise program were included in the intervention group after the 12 th week, and the others formed the control group, which followed the standard care procedures provided by health professionals in Portugal. The control group maintained its usual routine and was not instructed to stop practicing physical exercise, if they did it routinely. A total of 99 women were included in the intervention group and 156 in the control group, between October 2015 and April 2017. ►Fig. 1 represents the flow of participants through the study. Inclusion criteria included women > 18 years old, with no medical or obstetrical contraindications to practice exercise (according to the ACOG Committee Opinion number 650).
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Moreover, it was mandatory that women attended at least ten classes of the program. Exclusion criteria included any type of absolute or relative contraindication to exercise suggested by the ACOG: hemodynamically significant heart disease, restrictive lung disease, incompetent cervix or cerclage, multiple gestation at risk of premature labor, persistent second or third trimester bleeding, placenta previa after 26 weeks of gestation, premature labor risk during the current pregnancy, ruptured membranes, preeclampsia or pregnancy induced hypertension, severe anemia (Hb < 7.0 mg/dL), unevaluated maternal cardiac arrhythmia, chronic bronchitis, poorly controlled type I diabetes, extreme morbid obesity, extreme underweight (body mass index [BMI] < 12 kg/ m 2 ), history of extremely sedentary lifestyle, intrauterine growth restriction in the current pregnancy, poorly controlled hypertension, orthopedic limitations, poorly controlled seizure disorder, poorly controlled thyroid disease, and heavy smokers (!20 cigarettes/day). 1 To be included in the study, the pregnant women had to present a document written by their assistant doctor attesting that they did not have none of these contraindications. Additional exclusion criteria included: women that delivered in other hospitals, lack of medical follow-up throughout the pregnancy, 1 st trimester abortions, medical pregnancy interruptions, and intrauterine fetal deaths. the end of the pregnancy. There were three classes per week, one of which was developed in an aquatic environment. The classes had a duration of between 45 and 50 minutes and were planned according to the recommendations of the ACOG. 1 The classes consisted of: warm up (7 to 8 minutes), a fundamental part formed by aerobic, strength, coordination and flexibility exercises, performed in circuits and in stations (30 minutes), and return to rest (10 minutes). The physical program included pelvic musculature strengthening exercises. The activity performed was of moderate to vigorous intensity and, in order to measure exertion, the "talk test" was used, whose principle is that as long as women can carry out a conversation while exercising, she is likely not overexerting herself.
Outcome Measures
Data were collected in two stages: during the 1 st trimester biochemical screening (before the beginning of the program), and after delivery. Before the beginning of the program, the participants answered a questionnaire about the following variables: age, sociodemographic profile, smoking habits, physical activity, and weight and height prior to the pregnancy. After delivery, the following data were collected from the medical files of the patients: premature rupture of membranes, Bishop score at admission, onset of labor (spontaneous versus induced), time until the beginning of the active phase, duration of the active phase, duration of the second stage of labor, use of epidural analgesia, performance of episiotomy, frequency of third and fourth grade perineal lacerations, type of delivery, indications for cesarean and vaginal instrumental delivery, duration of the gestation, as well as the medical and obstetric history of the mother. The number of classes attended was controlled by the instructors during the classes through an attendance sheet. The sociodemographic profile was determined using the Graffar index. 
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The Bishop score was determined through cervix evaluation (dilation in centimeters, effacement as a percentage, consistency, position, and fetal situation).
The time until the active phase of labor was defined as the time elapsed between the time of admission of the patient and the presentation of 6 cm of dilatation. The duration of the active phase was defined as the time elapsed between the presentation of 6 cm of dilatation and the presentation of complete dilatation. The second stage was considered as the time elapsed between the moment when the cervix is fully dilated until the moment the baby is born.
29 Instrumental Vaginal Deliveries Included only Vacuum Deliveries. Third and fourth grade perineal lacerations were defined when the external and/or the internal anal sphincter were involved. Episiotomy was performed selectively. Epidural analgesia was performed according to the desire of the patient.
Statistical Analysis
For sample size estimation, the variable of interest physical activity intensity in METs h/week was used. In Portugal, the mean (standard deviation [SD]) physical activity in pregnant women is 210.348 (116.753) METs h/week. 30 To detect a 20% difference in physical activity between the groups in the third trimester (increasing average physical activity in intervention group by $ 42 METs h/week), with type I and II errors of 5% and 20%, it was found an effect size of 0.36. A sample of 244 pregnant women (122 in each group) was calculated at the second stage of data collection (after delivery). Assuming a dropout of 30%, it was proposed an initial sample size of 318 pregnant women (159 per group.) Descriptive statistics are presented as absolute and relative frequencies, mean and SD and median and interquartile range, as appropriate. Group comparisons were assessed by the chi-squared test and the Fisher test for categorical variables, and by the Student t-test or the Mann-Whitney test for independent samples for continuous variables.
Logistic regression analyses were performed for delivery outcomes reporting adjusted odds ratio (OR) and 95% confidence interval (CI), adjusting for potential confounders such as age, prepregnancy BMI, smoking (yes/no), physical activity prior to gestation (METs h/week), socioeconomic status (category I and II/category III-V from the Graffar index), parity (nulliparous/multiparous), and previous cesarean (yes/no). In addition, in the variables "time until the active phase," "length of the active phase" and "duration of the second stage of labor", an additional adjustment was done for the onset of labor (induction/no induction).
The data analysis was performed using IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA) and the level of significance was set at p < 0.05.
Ethical Considerations
Prior to the participation in the study, all of the participants were informed about its purpose and a written informed consent was obtained, according to the ethical standards stated in the Declaration of Helsinki. The study was approved by the Subcommittee on Ethics for the Life Sciences and Health of the University of Minho (id: SECVS 086/2015) and by the Ethics Committee for Health of the Central Hospital (id: 056/2014).
Results ►Table 1 shows the baseline characteristics of the participants according to each group. The statistically significant differences are marked in bold. Women in the intervention group were older (32.0 AE 3.6 versus 30.7 AE 4.2; p ¼ 0.018) and had a higher socioeconomic status (68 [68.7%] versus 77 [50.6%] in the category I-II of the Graffar index; p ¼ 0.005). In addition, women from the control group had a higher proportion of smoking habit when compared with women who underwent the intervention (9.7% versus 3.0%; p ¼ 0.040).
There were no statistically significant differences between the two groups regarding the number of deliveries after 41 weeks, the average Bishop score at admission, and premature rupture of membranes, as described in ►Table 2. The statistically significant differences are marked in bold. The Control group had a higher frequency of deliveries before 37 weeks ( Regarding the time until the active phase, the duration of the active phase, and the duration of the second stage of labor, there were no differences among the control and the intervention group, and these results remained unchanged after adjusting for confounders. Similar results were observed in relation to the use of epidural analgesia 
Discussion
The main finding of the present study is that the intervention group had a lower rate of induced births compared with the control group. Belonging to the control group resulted in significantly higher odds of having an induced birth. These results are in line with Portela et al (2014) and in disagreement with others. 5, 20, [25] [26] [27] The disparity in the results may be explained by distinct definitions of the stages of labor. In the present investigation, the active phase was considered the time elapsed between the presentation of 6 cm of dilatation and the presentation of complete dilatation, according to Zhang et al (2010) . 29 Other authors considered the first stage of labor as the time elapsed between the presentation of 3 or 4 cm of dilatation and full dilatation, and did not divide it into latent and active phases. 5, 26 In addition, we do not have data about labor augmentation with oxytocin, which plays an important role in the duration of labor. The differences in our results compared with other studies can be attributed to the variety of study design, type and intensity of the exercise and duration of the programs used in these studies. Possible explanations for the lack of effect of the exercise practice on labor duration and on the mode of delivery can be the following reasons:
first of all, the number of classes required to be part of the intervention group may have been low (10 sessions), perhaps too low to influence the study outcomes. Second, another limitation was the lack of rigor in monitoring class attendance, making difficult to accurately determine the number of classes attended by each participant, to determine the effect of the amount of exercise in labor and delivery outcomes. Third, the control group was not instructed to not practice physical activity, so they may have practiced exercise outside the intervention program. Fourthly, the daily physical activity performed by women outside of the exercise program was not accessed in either group (intervention or control). We are aware that the nonrandomization of the women among groups is another limitation of the present study. Those who chose to join the exercise group may be different from the patients of the control group in several ways, including their points of view and ideals about health, wellness and dietary habits. This could lead to a significant selection bias.
If, on the one hand, the present work failed to demonstrate the benefit of exercise in the mode of delivery and in the duration of labor, such as reported by several already mentioned recent works, on the other hand, the safety of physical activity in pregnancy was, once again, reaffirmed, since the intervention group did not show an increased rate of preterm delivery, which is in accordance with the majority of the authors. The main strength of the present study is the prospective analysis, with several variables gathered and used as confounders. The number of previously sedentary healthy women who were enrolled in the project (n ¼ 41) is an additional contribution of the present work. The general compliance with the exercise program was good for many reasons: the classes were held after 6 PM, allowing the women to exercise after work, the class plan was diversified in an attempt to capture the interest of the women, and the bonding process developed between the participants certainly potentiated class attendance.
Conclusion
In the present study, the implementation of a controlled and supervised exercise program in pregnancy was associated with a lower rate of induced deliveries, which can be an additional incentive to regular physical activity during gestation. This work contributes to future researches that include physical activity during pregnancy, in order to improve maternal outcomes, including less induced deliveries.
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